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1
PROXIMITY SENSOR WITH HEALTH
MONITORING

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application is a divisional of application Ser. No.
12/786,046 filed May 24, 2010, now U.S. Pat. No. 8,319,500,
issued Nov. 27, 2012.

TECHNICAL FIELD

The present invention generally relates to proximity sen-
sors, and more particularly relates to a proximity sensor that
implements a relatively simple health monitoring scheme.

BACKGROUND

Proximity sensors have long been used to sense when a
device or component is within a predetermined distance of
(i.e., in proximity to) a reference location. In many instances,
the signals generated by a proximity sensor may be used to
selectively enable and disable various portions of a system.
For example, if a proximity sensor senses that a device or
component is within a predetermined distance of a reference
location, this may indicate an undesired configuration. In
such an instance, the proximity sensor output signal may be
used to disable a system (or portion thereof). Conversely, if a
device or component being within a predetermined distance
of'a reference location is a desired configuration, the proxim-
ity sensor output signal may be used to enable a system (or
portion thereof).

Proximity sensors have been implemented using various
configurations. One particular configuration is generally
referred to as the eddy current kill oscillator (ECKO) con-
figuration. With this configuration, the amplitude of a fixed
gain oscillator is reduced or eliminated when a device or
component is within a predetermined distance of the proxim-
ity sensor. The oscillator amplitude is compared to a threshold
value, which supplies a binary signal based on this compari-
son.

One drawback of ECKO proximity sensors is that faulty or
erroneous circuit operation can cause false proximity indica-
tions. To address this drawback, high-reliability systems may
include multiple ECKO proximity sensors so that a faulty or
erroneously operating circuit may be detected. This, however,
can increase overall system weight and cost. Moreover, add-
ing internal diagnostic circuitry to a proximity sensor can be
difficult and costly.

Hence, there is a need for a proximity sensor that includes
diagnostic circuitry that may be implemented relatively sim-
ply and inexpensively. The present invention addresses at
least this need.

BRIEF SUMMARY

In one embodiment, and by way of example only, a prox-
imity sensor includes a variable gain oscillator, a feedback
circuit, and a proximity determination circuit. The variable
gain oscillator is adapted to receive electrical energy and
includes a sensor coil. The variable gain oscillator has a gain
that varies with the proximity of'a target to the sensor coil. The
variable gain oscillator is coupled to receive a feedback signal
and is configured, in response to the feedback signal, to gen-
erate an oscillating electrical signal having a substantially
constant amplitude magnitude, and generate an energy signal
representative of the electrical energy received by the variable
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gain oscillator. The feedback circuit is coupled to receive the
oscillating electrical signal and is configured, in response
thereto, to supply the feedback signal. The proximity deter-
mination circuit is coupled to receive the energy signal and is
configured, in response thereto, to supply a proximity signal
representative of target proximity to the sensor coil. The
proximity determination circuit includes is coupled to receive
the oscillating electrical signal and is configured, in response
thereto, to supply a health status signal representative of
proximity sensor health. The proximity determination circuit
includes a low-pass filter circuit, a near/far comparator cir-
cuit, and two resistors. The low-pass filter circuit is coupled to
receive the energy signal and supply a filtered energy signal.
The near/far comparator circuit is coupled to receive the
filtered energy signal and is configured, in response thereto, to
supply the proximity signal at a logic-LOW state when the
target is within a first predetermined distance of the sensor
coil, and at a logic-HIGH state at least when the target is not
within a second predetermined distance of the sensor coil.
The two resistors are coupled between the low-pass filter and
the near/far comparator. At least one of the two resistors
provides temperature compensation for the proximity deter-
mination circuit.

In another embodiment, a proximity sensor includes a vari-
able gain oscillator, a feedback circuit, a health monitor cir-
cuit, and a proximity determination circuit. The variable gain
oscillator is adapted to receive electrical energy and includes
asensor coil. The variable gain oscillator has a gain that varies
with the proximity of a target to the sensor coil. The variable
gain oscillator is coupled to receive a feedback signal and is
configured, in response to the feedback signal, to generate an
oscillating electrical signal having a substantially constant
amplitude magnitude, and generate an energy signal repre-
sentative of the electrical energy received by the variable gain
oscillator. The feedback circuit is coupled to receive the oscil-
lating electrical signal and is configured, in response thereto,
to supply the feedback signal. The health monitor circuit is
coupled to receive the oscillating electrical signal and a tem-
perature signal representative of proximity sensor tempera-
ture. The health monitor circuit is configured, in response to
the oscillating electrical signal and the temperature signal, to
supply a health status signal representative of proximity sen-
sor health. The proximity determination circuit includes is
coupled to receive the oscillating electrical signal and is con-
figured, in response thereto, to supply a health status signal
representative of proximity sensor health. The proximity
determination circuit includes a low-pass filter circuit, a near/
far comparator circuit, and two resistors. The low-pass filter
circuit is coupled to receive the energy signal and supply a
filtered energy signal. The near/far comparator circuit is
coupled to receive the filtered energy signal and is configured,
in response thereto, to supply the proximity signal at a logic-
LOW state when the target is within a first predetermined
distance of the sensor coil, and at a logic-HIGH state at least
when the target is not within a second predetermined distance
of'the sensor coil. The two resistors are coupled between the
low-pass filter and the near/far comparator. At least one of the
two resistors provides temperature compensation for the
proximity determination circuit.

Furthermore, other desirable features and characteristics of
the proximity sensor will become apparent from the subse-
quent detailed description and appended claims, taken in
conjunction with the accompanying drawings and the preced-
ing background.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will hereinafter be described in con-
junction with the following drawing figures, wherein like
numerals denote like elements, and wherein:
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FIG. 1 depicts a functional block diagram an embodiment
of'a proximity sensor according to the present invention; and

FIG. 2 depicts a schematic circuit diagram of a particular
circuit that may be used to implement the proximity sensor of
FIG. 1.

DETAILED DESCRIPTION

The following detailed description is merely exemplary in
nature and is not intended to limit the invention or the appli-
cation and uses of the invention. Furthermore, there is no
intention to be bound by any theory presented in the preced-
ing background or the following detailed description.

Referring first to FIG. 1, a functional block diagram of an
embodiment of a proximity sensor 100 is depicted. The
depicted proximity sensor 100 includes a variable gain oscil-
lator 102, a feedback circuit 104, a proximity determination
circuit 106, and a health monitor circuit 108. The variable
gain oscillator 102 is configured, upon being supplied with
electrical energy, to generate an oscillating electrical signal
112. The frequency of the oscillating electrical signal 112 is
established by the components that comprise a non-illustrated
resonant circuit. In the depicted embodiment, a sensor coil
114 comprises at least one of these components. The variable
gain oscillator 102 is additionally configured such that its gain
varies with the proximity of a target 116 to the sensor coil 114.
In particular, as FIG. 1 additionally depicts, the variable gain
oscillator 102 is coupled to receive a feedback signal 118. The
feedback signal 118 causes the gain of the variable gain
oscillator 102 to vary in a manner that the oscillating electri-
cal signal 112 has a substantially constant amplitude magni-
tude. Without the feedback signal, the amplitude magnitude
of'the oscillating signal would vary with the proximity varia-
tions of the target 116 to the sensor coil 114.

The feedback signal 118 is supplied to the variable gain
oscillator 102 by the feedback circuit 104. In particular, the
feedback circuit 104 is coupled to receive the oscillating
electrical signal 112 from the variable gain oscillator 102 and
is configured, in response thereto, to supply the feedback
signal 118. The specific manner in which the feedback circuit
104 generates the feedback signal 118 will be described in
more detail further below.

In addition to generating the oscillating electrical signal
112, the variable gain oscillator 102 supplies an energy signal
122. The energy signal 122, which is supplied to the proxim-
ity determination circuit 106, is representative of the electri-
cal energy received by the variable gain oscillator 102. The
proximity determination circuit 106 is configured, in
response to the energy signal 122, to supply a proximity
signal 124 representative of the proximity of the target 116 to
the sensor coil 114.

The health monitor circuit 108 is also coupled to receive
the oscillating electrical signal 112 from the variable gain
oscillator 102. The health monitor circuit 108, in response to
the oscillating electrical signal 112, supplies a health status
signal 126 that is representative of proximity sensor health.

In the depicted embodiment, the health status signal 126
and the proximity signal 124 are both supplied to an output
circuit 128. The output circuit 128 is configured, upon receipt
of'these two signals 124, 126, to supply a sensor output signal
132. The sensor output signal 132 is representative of both
target proximity and proximity sensor health.

Each of the above-described circuit blocks that comprise
the proximity sensor 100 may be implemented using any one
of numerous circuit configurations. A schematic diagram of a
particular preferred implementation of the proximity sensor
100, illustrating specific circuit configurations of each of the
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4

functional circuit blocks described above, is depicted in FIG.
2, and with reference thereto will now be described.

Beginning with the variable gain oscillator 102, it is seen
that this circuit is implemented using the well-known Colpitts
oscillator circuit configuration, and includes a transistor cir-
cuit 202 and a resonant tank circuit 204. The transistor circuit
202 includes a transistor 206, a plurality of bias resistors 208
(208-1, 208-2, 208-3), and a diode 209. The transistor 206 is
implemented using an NPN-type bipolar transistor, which, as
is generally known, includes a collector terminal 212, a base
terminal 214, and an emitter terminal 216. It will be appreci-
ated that the transistor circuit 202 could alternatively be
implemented using a PNP-type bipolar transistor or using
other kinds of transistors.

The bias resistors 208 are selected to limit current con-
sumption in the event the target 116 is much closer to the
sensor coil 114 than a nominal sensing distance. The bias
resistors 208 are sized to limit the available base drive to the
transistor 206 upon the integrator 228 (discussed below)
reaching the most positive supply voltage. This reduces
power consumption. The diode 209 compensates for varia-
tions in the emitter-base voltage of the transistor 206. This
allows the current limiting feature to work over temperature.

Two of the bias resistors 208-1, 208-2 are connected to the
transistor base terminal 214, and are thus referred to herein as
base resistors 208-1, 208-2. The third bias resistor 208-3 is
connected the transistor emitter terminal 216, and is thus
referred to herein as the emitter resistor 208-3. One of the base
resistors 208-1 is connected between the transistor base ter-
minal 214 and a circuit reference node 218. A bypass capaci-
tor 222 is connected in parallel with this base resistor 208-1
and keeps the transistor base terminal 214 at a fixed value. The
other base resistor 208-2 is connected to receive the feedback
signal 118. As described above, the feedback signal 118 var-
ies the gain of the transistor circuit 202 to counteract the
effects that the proximity variations of the target 116 (not
shown in FIG. 2) to the sensor coil 114 have on the amplitude
magnitude of the oscillating electrical signal 112.

As may be appreciated, variations in the gain of the tran-
sistor circuit 202 result in variations of the electrical energy
that the variable gain oscillator 102 needs to sustain its oscil-
lations. In the depicted embodiment, the variations in electri-
cal energy supplied to the variable gain oscillator 102 are
measured using the emitter resistor 208-3. In particular, as the
gain of the transistor circuit 202 varies, the amount of elec-
trical energy that the variable gain oscillator 102 needs to
sustain its oscillations varies, resulting in variations of the
magnitude of the current flowing through the emitter resistor
208-3. Hence, the magnitude of the voltage drop across the
emitter resistor 208-3 is representative of the electrical energy
being supplied to the variable gain oscillator 102, and these
variations constitute the energy signal 122 that is supplied to
the proximity determination circuit 106.

The resonant tank circuit 204 includes the sensor coil 114
and two capacitors 224 (224-1, 224-2) that comprise a capaci-
tive voltage divider. As is generally known, the frequency of
the oscillating electrical signal 112 is established by the com-
ponent values of the sensor coil 114 and the capacitors 224. In
the depicted embodiment, one of the capacitors 224-1 has one
of its terminal connected to the sensor coil 114 and to the
transistor collector terminal 212, and its other terminal con-
nected to the transistor emitter terminal 216. This capacitor
224-1 is the main tuning capacitor of the resonant tank circuit
204. The other capacitor 224-2, which connected between the
transistor emitter terminal 216 and circuit reference node 218,
sustains the oscillations of the resonant tank circuit 204.
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The feedback circuit 104, as noted above, is coupled to
receive the oscillating electrical signal 112 from the variable
gain oscillator 102 and is configured, in response thereto, to
supply the feedback signal 118. To implement this function-
ality, the feedback circuit includes an amplitude demodulator
226 and an integrator circuit 228. The amplitude demodulator
226, which includes a diode 232, a capacitor 234, and a
resistor 236, receives the oscillating electrical signal 112
from the variable gain oscillator 102 and, in response, sup-
plies a demodulated voltage signal to the integrator circuit
228. More specifically, the amplitude demodulator 226 mea-
sures the negative peaks of the oscillating electrical signal
112.

The integrator circuit 228 is coupled to receive the
demodulated voltage signal from the demodulator circuit
226. The integrator circuit 228 is configured, in response to
the demodulated voltage signal, to supply the feedback signal
118. In the depicted embodiment, the integrator circuit 228
includes an operational amplifier 238, a feedback capacitor
242, and two resistors 244 (244-1, 244-2) that establish a
reference voltage. With this configuration, if the amplitude
magnitude of the oscillating electrical signal 112 begins to
decrease due, for example, to the target 116 moving into
proximity to the sensor coil 114, then the demodulated volt-
age on capacitor 234 will increase. When this voltage
increases above the reference voltage established by the resis-
tors 244, the output of the integrator circuit 228, and thus the
feedback signal 118, will increase in the positive direction.
The feedback signal 118 will thus increase the bias on the
transistor 206, which increases its gain and corrects the
amplitude magnitude decrease. When the desired amplitude
magnitude is attained, the output of the integrator circuit 228
stops increasing. Conversely, if the amplitude magnitude of
the oscillating electrical signal 112 begins to increase due, for
example, to the target 116 moving away from the sensor coil
114, then the demodulated voltage on capacitor 234 will
decrease. When this voltage decreases below the reference
voltage established by the resistors 244, the output of the
integrator circuit 228, and thus the feedback signal 118, will
decrease in the negative direction. The feedback signal 118
will thus decrease the bias on the transistor 206, which
decreases its gain and corrects the amplitude magnitude
increase. When the desired amplitude magnitude is attained,
the output of the integrator circuit 228 stops decreasing.

The proximity determination circuit 106 is coupled to
receive the energy signal 122. Because the electrical energy
being supplied to the variable gain oscillator 102 varies with
target 116 proximity to the sensor coil 114, the energy signal
122 may be used to determine target 116 proximity to the
sensor coil 114. In the depicted embodiment, the proximity
determination circuit 106 includes a low-pass filter circuit
246 and a near/far comparator circuit 248. The low-pass filter
circuit 246 is connected to the emitter resistor 208-3, and thus
receives the energy signal 122. The low-pass filter circuit 246,
which comprises two resistors 252 (252-1, 252-2) and two
capacitors 254 (254-1, 254-2) connected as a two-pole low-
pass filter, filters the energy signal 122 and supplies the fil-
tered energy signal to the near/far comparator circuit 248.

The near/far comparator circuit 248 receives the filtered
energy signal from the low-pass filter circuit 246 and, in
response to this signal, supplies the proximity signal 124. In
the depicted embodiment, the near/far comparator circuit 248
is configured such that the proximity signal 124 is supplied at
two different amplitude magnitudes, depending on the rela-
tive proximity of the target 116 to the sensor coil 114. To
implement this functionality the near/far comparator circuit
248 includes an operational amplifier 256 and a plurality of
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resistors 258 (258-1, 258-2, 258-3). The inverting input of the
operational amplifier 256 is connected to the low-pass filter
circuit 246 and thus receives the filtered energy signal there-
from. The non-inverting input of the operational amplifier
256 is connected to receive a reference voltage that is estab-
lished by two of the resistors 258-1, 258-2. The third resistor
258-3, which is a feedback resistor that is connected between
the output and the non-inverting input of the operational
amplifier 256, establishes hysteresis for the near/far compara-
tor circuit 248.

From the above description it may thus be appreciated that
the proximity signal 124 is a binary signal. That is, the near/
far comparator circuit 248 supplies the proximity signal 124
at a first amplitude magnitude when the target 116 is within a
first predetermined distance of the sensor coil 114 (e.g., the
target 116 is relatively “near” to the sensor coil 114), and at a
second amplitude magnitude at least when the target 116 is
not within a second predetermined distance of the sensor coil
114 (e.g., the target 116 is relatively “far” from the sensor coil
114). In the depicted embodiment, the first amplitude mag-
nitude is a relatively high value (e.g., logic-HIGH state) when
the target 116 is far from the sensor coil 114, and is a relatively
low value (e.g., logic-LOW state) when the target 116 is near
to the sensor coil 114.

Before describing the depicted health monitor circuit 108
in more detail, it is seen that the depicted proximity sensor
100 additionally includes two resistors 262 (262-1, 262-2)
connected between the low-pass filter circuit 246 and the
non-inverting input of the operational amplifier 256. It will be
appreciated that these two resistors 262 are optional, and may
thus not be included in some embodiments. However, one of
these two resistors 262, when included, provides temperature
compensation for the proximity determination circuit 106.
Those skilled in the art will appreciate that variations of
sensor packages may result in a variety of sensing distance
errors induced by temperature variation. This resistive circuit
configuration provides relatively simple compensation of a
wide range of temperature errors, permitting the basic design
to be reused for other similar applications. If sensing distance
increases with temperature, resistor 262-2 is used to provide
correction. Conversely, if sensing distance decreases with
temperature, then resistor 262-1 is used. The degree of com-
pensation is tailored by the resistor value and does not require
a different value thermistor 276 (discussed below).

Turning now to a description of the health monitor circuit
108, this circuit includes a rectifier circuit 264, a low-pass
filter circuit 266, an alive/dead switch circuit 268, a tempera-
ture sensor circuit 272, and a health comparator circuit 274.
The rectifier circuit 264 is coupled to receive the oscillating
electrical signal 112 from the variable gain oscillator 102,
preferably via a blocking capacitor 275. The rectifier circuit
264 rectifies the oscillating electrical signal 112 and supplies
a DC signal to the low-pass filter circuit 266. The low-pass
filter circuit 266 filters the DC signal and supplies a filtered
DC signal to the alive/dead switch circuit 268. As may be
appreciated, the voltage magnitude of the filtered DC signal
will vary with the amplitude magnitude of the oscillating
electrical signal 112.

The alive/dead switch circuit 268 is coupled to receive the
filtered DC signal and, in response to the filtered DC signal,
supplies an oscillator health signal. The alive/dead switch
circuit 268 is configured to be in either a conductive (ON)
state or a nonconductive (OFF) state, based on the voltage
magnitude of the filtered DC signal. In particular, when the
variable gain oscillator 102 is operating properly, the ampli-
tude magnitude of the oscillating electrical signal 112, and
concomitantly the voltage magnitude of the filtered DC sig-
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nal, will have a value that causes the alive/dead switch circuit
268 to be in its conductive (ON) state. Conversely, if the
variable gain oscillator 102 is not operating properly (or not
operating at all), the amplitude magnitude of the oscillating
electrical signal 112, and concomitantly the voltage magni-
tude of the filtered DC signal, will have a value that causes the
alive/dead switch circuit 268 to be in its non-conductive
(OFF) state. It may thus be appreciated that the oscillator
health signal is a binary signal. That is, the amplitude mag-
nitude of the oscillator health signal will have a relatively high
value (e.g., logic-HIGH state) when the variable gain oscil-
lator 102 is operating properly, and a relatively low value
(e.g., logic-LOW state) when the variable gain oscillator 102
is not operating properly (or not operating at all). In the
depicted embodiment the alive/dead switch circuit 268 is
implemented using a MOSFET. It will be appreciated, how-
ever, that various other types of transistors, or various other
devices or circuits that selectively transition between conduc-
tive and non-conductive states, may also be used.

The temperature sensor circuit 272 is configured to sense
the temperature of the proximity sensor 100 and supply a
temperature signal representative of the sensed temperature.
The temperature sensor circuit 272 includes a thermistor 276
and a resistor 278 connected in series to form a voltage
divider. The thermistor 276, at least in the depicted embodi-
ment, is implemented using a positive temperature coefficient
thermistor. In alternative embodiments, however, a negative
temperature coefficient thermistor could be used. In either
case, the voltage drop across the thermistor 276, and thus the
temperature signal, varies with the temperature of the prox-
imity sensor 100.

The health comparator circuit 274 is coupled to receive the
temperature signal from the temperature sensor circuit 272
and the oscillator health signal from the alive/dead switch
circuit 268. The health comparator circuit 274 is configured,
upon receipt of the temperature signal and the oscillator
health signal, to supply the health status signal 126 to the
output circuit 128. The health comparator circuit 274 includes
an operational amplifier 282 and a plurality of resistors 284
(284-1, 284-2, 284-3). The inverting input of the operational
amplifier 282 is connected to the temperature sensor circuit
272 and thus receives the temperature signal therefrom. The
non-inverting input of the operational amplifier 282 is
coupled to receive the oscillator health signal from the alive/
dead switch circuit 268, via two of the resistors 284-1, 284-2.
The third resistor 284-3, which is a feedback resistor that is
connected between the output and the non-inverting input of
the operational amplifier 282, establishes hysteresis for the
health comparator circuit 274. It may thus be appreciated that
the health status signal 126 is a binary signal. That is, the
health comparator circuit 274 supplies the health status signal
126 at a relatively high amplitude magnitude (e.g., logic-
HIGH state) when the oscillator health signal is at a logic-
HIGH state and the temperature of the proximity sensor 100
is at or below a first predetermined temperature, and at a
relatively low amplitude magnitude (e.g., logic-LOW state)
when the oscillator health signal is at a logic-LOW state or the
temperature of the proximity sensor 100 is at or above a
second predetermined temperature that is higher than the first
predetermined temperature. It will be appreciated that the first
and second predetermined temperatures may vary.

The output circuit 128 includes a summing circuit 286 and
a voltage-to-current converter circuit 288. The summing cir-
cuit 286, which in the depicted embodiment is implemented
as a summing node, is coupled to receive the proximity signal
124 from the near/far comparator circuit 248, and the health
status signal 126 from the health comparator circuit 274. The
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summing circuit 286, upon receipt of proximity signal 124
and the health status signal 126, supplies a summation signal
that is representative of the arithmetic sum of these signals.
From the descriptions of the previous circuits, it may be
readily understood that the summation signal, at least in the
depicted embodiment, will preferably have substantially dis-
crete voltage magnitude values. In particular, when the health
status signal 126 is at a logic-HIGH state, the summation
signal will have a first voltage magnitude if the proximity
signal 124 is at a logic-LOW state and have a second, higher
voltage magnitude if the proximity signal is at a logic-HIGH
state. If, however, the health status signal 126 is at a logic-
LOW state, then the summation signal will have a third volt-
age magnitude that is less than the first voltage magnitude if
the proximity signal 124 is at a logic-LOW state and have a
fourth voltage magnitude that is intermediate the first and
second voltage magnitudes if the proximity signal 124 is at a
logic-HIGH state.

The summation signal is supplied to the voltage-to-current
converter circuit 288. The voltage-to-current converter circuit
288, upon receipt of the summation signal, supplies the sen-
sor output signal 132. The voltage-to-current converter circuit
288 is configured such that the current magnitude of the
sensor output signal 132 varies based on the voltage magni-
tude of the summation signal. In the depicted embodiment,
the voltage-to-current converter circuit 288 is implemented as
a conventional 4-20 ma converter, though it will be appreci-
ated that it could be implemented using various other devices.
Moreover, it could be eliminated in some embodiments.
Nonetheless, in the depicted embodiment, it will be readily
appreciated that the sensor output signal 132, like the sum-
mation signal, may potentially have four substantially dis-
crete current magnitudes.

The following table provides some examples of the voltage
and current magnitude values of the summation signal and the
sensor output signal 132 for the various states of the proxim-
ity sensor 110. In the following table, “ALIVE AND COOL”
corresponds to the health status signal 126 being in a logic-
HIGH state, “DEAD” corresponds to the health status signal
126 being in a logic-LOW state, “TARGET NEAR” corre-
sponds to the proximity signal 124 being in the logic-LOW
state, and “TARGET FAR” corresponds to the proximity
signal 124 being in the logic-HIGH state. It will be appreci-
ated that these values are merely exemplary of a particular
preferred embodiment, and that these values may vary in
other embodiments, as needed or desired.

TABLE 1
TARGET TARGET
NEAR FAR

ALIVE SUMMATION 0.5 14
AND SIGNAL
COOL (VDC)

OUTPUT 5 14

SIGNAL

(mA)
DEAD SUMMATION 0.0 0.9

SIGNAL

(VDC)

OUTPUT 0.0 0.9

SIGNAL

(mA)

The proximity sensor 100 depicted in FIG. 2 could be
implemented without one or more of the depicted and
described circuits. For example, the temperature sensor cir-
cuit 272 and the health comparator circuit 274 could, in
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alternative embodiments, be eliminated. In such embodi-
ments, the oscillator health signal is coupled to the summing
circuit 286.

While at least one exemplary embodiment has been pre-
sented in the foregoing detailed description of the invention,
it should be appreciated that a vast number of variations exist.
It should also be appreciated that the exemplary embodiment
or exemplary embodiments are only examples, and are not
intended to limit the scope, applicability, or configuration of
the invention in any way. Rather, the foregoing detailed
description will provide those skilled in the art with a conve-
nient road map for implementing an exemplary embodiment
of the invention. It being understood that various changes
may be made in the function and arrangement of elements
described in an exemplary embodiment without departing
from the scope of the invention as set forth in the appended
claims.

What is claimed is:

1. A proximity sensor, comprising:

a variable gain oscillator adapted to receive electrical
energy, the variable gain oscillator including a sensor
coil and having a gain that varies with proximity of a
target to the sensor coil, the variable gain oscillator
coupled to receive a feedback signal and configured, in
response to the feedback signal, to (i) generate an oscil-
lating electrical signal having a substantially constant
amplitude magnitude and (ii) generate an energy signal
representative of the electrical energy received by the
variable gain oscillator;

a feedback circuit coupled to receive the oscillating elec-
trical signal and configured, in response thereto, to sup-
ply the feedback signal; and

a proximity determination circuit coupled to receive the
energy signal and configured, in response thereto, to
supply a proximity signal representative of target prox-
imity to the sensor coil, the proximity determination
circuit comprising:

a low-pass filter circuit coupled to receive the energy
signal and supply a filtered energy signal,

a near/far comparator circuit coupled to receive the fil-
tered energy signal and configured, in response
thereto, to supply the proximity signal (i) at a logic-
LOW state when the target is within a first predeter-
mined distance of the sensor coil and (ii) at a logic-
HIGH state at least when the target is not within a
second predetermined distance of the sensor coil, and

two resistors coupled between the low-pass filter and the
near/far comparator, at least one of the two resistors
providing temperature compensation for the proxim-
ity determination circuit.

2. The sensor of claim 1, further comprising:

a health monitor circuit coupled to receive the oscillating
electrical signal and configured, in response thereto, to
supply a health status signal representative of proximity
sensor health.

3. The sensor of claim 2, further comprising:

an output circuit coupled to receive the proximity signal
and the health status signal and configured, upon receipt
thereof, to supply an output signal that is representative
of'both target proximity to the sensor coil and proximity
sensor health.

4. The sensor of claim 2, wherein the feedback circuit

comprises:

an amplitude demodulator coupled to receive the oscillat-
ing electrical signal and configured, in response thereto,
to supply a demodulated voltage signal; and
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an integrator circuit coupled to receive the demodulated
voltage signal and configured, in response thereto, to
supply the feedback signal.

5. The sensor of claim 2, wherein:

the health monitor circuit comprises a temperature sensor
circuit configured to sense proximity sensor temperature
and supply a temperature signal representative thereof;
and

the health status signal is further representative of at least
relative proximity sensor temperature.

6. The sensor of claim 5, wherein the health monitor circuit

further comprises:

a rectifier circuit coupled to receive the oscillating electri-
cal signal and configured, upon receipt thereof, to rectify
the oscillating electrical signal and supply a DC signal;

a low-pass filter circuit coupled to receive the DC signal
and configured, upon receipt thereof, to supply a filtered
DC signal; and

an alive/dead switch circuit coupled to receive the filtered
DC signal and configured, upon receipt thereof, to sup-
ply an oscillator health signal.

7. The sensor of claim 6, wherein the oscillator health

signal is supplied at:

a logic-LOW state if the oscillating electrical signal has an
amplitude magnitude less than a predetermined ampli-
tude magnitude; and

alogic-HIGH state if the oscillating electrical signal has an
amplitude magnitude that is not less than the predeter-
mined amplitude magnitude.

8. The sensor of claim 7, wherein the health monitor circuit

further comprises:

a health comparator circuit coupled to receive the tempera-
ture signal from the temperature sensor circuit and the
oscillator health signal from the alive/dead switch cir-
cuit, the health comparator circuit configured, upon
receipt of the temperature signal and the oscillator health
signal, to supply the health status signal.

9. The sensor of claim 8, wherein the health status signal is

supplied at:

a logic-HIGH state when proximity sensor temperature is
less than or equal to a first predetermined temperature
and the oscillator health signal is a logic-HIGH state;
and

a logic-LOW state when proximity sensor temperature is
greater than or equal to a second predetermined tem-
perature or the oscillator health signal is a logic-LOW
state.

10. The sensor of claim 2, further comprising:

an output circuit coupled to receive the proximity signal
and the health status signal and configured, upon receipt
thereof, to supply an output signal that is representative
of both target proximity to the sensor coil and proximity
sensor health.

11. The sensor of claim 10, wherein the output circuit

comprises:

a summing circuit coupled to receive the proximity signal
and the health status signal and configured, upon receipt
thereof, to supply a summation signal representative of
an arithmetic sum thereof, and

avoltage-to-current converter circuit coupled to receive the
summation signal and supply the output signal.

12. The proximity sensor of claim 1, wherein the variable

gain oscillator comprises a Colpitts oscillator.

13. A proximity sensor, comprising:

a variable gain oscillator adapted to receive electrical
energy, the variable gain oscillator including a sensor
coil and having a gain that varies with proximity of a
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target to the sensor coil, the variable gain oscillator
coupled to receive a feedback signal and configured, in
response to the feedback signal, to (i) generate an oscil-
lating electrical signal having a substantially constant
amplitude magnitude and (ii) generate an energy signal
representative of the electrical energy received by the
variable gain oscillator;

a feedback circuit coupled to receive the oscillating elec-
trical signal and configured, in response thereto, to sup-
ply the feedback signal;

a health monitor circuit coupled to receive the oscillating
electrical signal and a temperature signal representative
of proximity sensor temperature, the health monitor cir-
cuit configured, in response to the oscillating electrical
signal and the temperature signal, to supply a health
status signal representative of proximity sensor health;
and

a proximity determination circuit coupled to receive the
energy signal and configured, in response thereto, to
supply a proximity signal representative of target prox-
imity to the sensor coil, the proximity determination
circuit comprising:

a low-pass filter circuit coupled to receive the energy
signal and supply a filtered energy signal,

a near/far comparator circuit coupled to receive the fil-
tered energy signal and configured, in response
thereto, to supply the proximity signal (i) at a logic-
LOW state when the target is within a first predeter-
mined distance of the sensor coil and (ii) at a logic-
HIGH state at least when the target is not within a
second predetermined distance of the sensor coil, and

two resistors coupled between the low-pass filter and the
near/far comparator, at least one of the two resistors
providing temperature compensation for the proxim-
ity determination circuit.

14. The sensor of claim 13, further comprising:

an output circuit coupled to receive the proximity signal
and the health status signal and configured, upon receipt
thereof, to supply an output signal that is representative
of'both target proximity to the sensor coil and proximity
sensor health.

15. The sensor of claim 14, wherein the output circuit

comprises:

a summing circuit coupled to receive the proximity signal
and the health status signal and configured, upon receipt
thereof, to supply a summation signal representative of
an arithmetic sum of thereof; and

avoltage-to-current converter circuit coupled to receive the
summation signal and supply the output signal.

16. The sensor of claim 13, wherein the feedback circuit

comprises:

12

an amplitude demodulator coupled to receive the oscillat-
ing electrical signal and configured, in response thereto,
to supply a demodulated voltage signal; and

an integrator circuit coupled to receive the demodulated

5 voltage signal and configured, in response thereto, to
supply the feedback signal.

17. The sensor of claim 13, wherein:

the health monitor circuit comprises a temperature sensor
circuit configured to sense proximity sensor temperature
and supply a temperature signal representative thereof;
and

the health status signal is further representative of at least
relative proximity sensor temperature.

18. The sensor of claim 17, wherein the health monitor

circuit further comprises:

a rectifier circuit coupled to receive the oscillating electri-
cal signal and configured, upon receipt thereof, to rectify
the oscillating electrical signal and supply a DC signal;

a low-pass filter circuit coupled to receive the DC signal
and configured, upon receipt thereof, to supply a filtered
DC signal; and

an alive/dead switch circuit coupled to receive the filtered
DC signal and configured, upon receipt thereof, to sup-
ply an oscillator health signal.

19. The sensor of claim 18, wherein the oscillator health

signal is supplied at:

a logic-LOW state if the oscillating electrical signal has an
amplitude magnitude less than a predetermined ampli-
tude magnitude; and

alogic-HIGH state if the oscillating electrical signal has an
amplitude magnitude that is not less than the predeter-
mined amplitude magnitude.

20. The sensor of claim 19, wherein the health monitor

circuit further comprises:

a health comparator circuit coupled to receive the tempera-
ture signal from the temperature sensor circuit and the
oscillator health signal from the alive/dead switch cir-
cuit, the health comparator circuit configured, upon
receipt of the temperature signal and the oscillator health
signal, to supply the health status signal,

wherein the health status signal is supplied at:

a logic-HIGH state when proximity sensor temperature
is less than or equal to a first predetermined tempera-
ture and the oscillator health signal is a logic-HIGH
state; and

a logic-LOW state when proximity sensor temperature
is greater than or equal to a second predetermined
temperature or the oscillator health signal is a logic-
LOW state.
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